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Image artifacts point to possible stray light issue
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Lunar raster scan definitively showed stray light
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Map of stray light locations from lunar positions
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Lunar data used to inform optical stray light model
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Along-track angle [deg]

Reverse ray trace produces stray light map for each detector

Stray light map for one detector on array -C
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Stray light removal algorithm: Optical model with out-of-field data

StrayLight = a - (Ext.Sampled )+ b

= a'(ELex:,. 'Wi)+b
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Stray light removal algorithm: Optical model with TIRS data only

StrayLight = a - (Ext.Sampled )+ b

= a'(zl’ex:,. 'Wi)+b
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Stray light correction with and without out-of-field knowledge

RMS of Residuals
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More Background on Stray Light Investigation & Correction Algorithm

Pursued TIRS-on-TIRS correction:

Algorithm uses only TIRS interval data (no other sensor data) with optical model

Able to be run in “real time” (i.e.- no significant processing lag) to produce
corrected TIRS scenes

Issues with external sensor (e.g. - GOES) data:
- Band shape
- View angle
- cross-cal between sensors required for global coverage

More information:

Montanaro, M., Gerace, A., Lunsford, A., & Reuter, D. "Stray Light Artifacts in Imagery
from the Landsat 8 Thermal Infrared Sensor." Remote Sensing, 6, 10435-10456
(2014). [d0i:10.3390/rs61110435]

Montanaro, M., Gerace, A., & Rohrbach, S. "Toward an operational stray light
correction for the Landsat 8 Thermal Infrared Sensor." Applied Optics, 54, 3963-3978
(2015). [doi: 10.1364/A0.54.003963]

Gerace, A. & Montanaro, M. “Validation of the stray light correction algorithm for the
Landsat 8 Thermal Infrared Sensor”. -- IN WORK



Full Scene Correction Demonstration — Validation Challenges
During L8/Terra underfly period, TIRS centered on MODIS field-of-view
Compare TIRS current product and corrected product to Terra/MODIS “truth”

Recall current product (EarthExplorer) has a flat bias subtracted to make absolute cal
error for N. hemisphere growing season scenes approximately zero.
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Path 006, Row 070: Band 10
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Path 006, Row 070: Band 11
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Path 010, Row 030: Band 10
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Path 010, Row 030: Band 11

B11 {Earth Explorer - MODIS)
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Path 022, Row 030: Band 10
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Path 022, Row 030: Band 11
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Path 013, Row 032: Band 10
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Path 013, Row 032: Band 11
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Path 016, Row 039: Band 10
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Path 016, Row 039: Band 11
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Path 035, Row 040: Band 10
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Path 035, Row 040: Band 11
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Path 115, Row 032: Band 10
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Path 115, Row 032: Band 11
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Path 230, Row 045: Band 10
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Path 230, Row 045: Band 11
B11 (Earth Explorer - MODIS)
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Path 160, Row 042: Band 10
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Path 160, Row 042: Band 11
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Path 172, Row 043: Band 10
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Path 172, Row 043: Band 11
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Path 176, Row 037: Band 10
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Path 176, Row 037: Band 11
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Path 188, Row 035: Band 10
B10 (Earth Explorer - MODIS)
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Path 188, Row 035: Band 11
B11 (Earth Explorer - MODIS) B11 {Stray light corrected - MODIS)
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Path 191, Row 010: Band 10
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Path 191, Row 010: Band 11
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Path 198, Row 046: Band 10
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Path 198, Row 046: Band 11

B11 (Earth Explorer - MODIS)
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St. Dev. summary (“relative calibration”):

In terms of Apparent Temperature error with Terra/MODIS
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RMSE summary (“absolute calibration”):
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RMSE summary (“absolute calibration”):

Radiance error [6]

In terms of Percent Radiance error with Terra/MODIS
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RMSE summary (“absolute calibration”):

In terms of Percent Radiance error with Terra/MODIS

Band 11

Path 198“Vdesert 10

Large difference
between TIRS and
MODIS due to the
Earth changing

between the two Path 191 land/clouds
overflight times

1_
3
oo +0, 800 ooﬁ 000 ¢03++

595000040 & © | | |

0 5 10 15 20 25 30 35
Profile #

+ Current Product
O Stray Light Corrected

43



Banding requirements

TIRS-507 Banding 1:

The root mean square of the deviation from the average radiance across the full
FOV for any 100 contiguous pixel column averages of radiometrically corrected
TIRS image data within a band shall not exceed 0.5% of that average radiance.
This banding requirement is met when for all n:

JE P C-T Ao <0.005T

TIRS-514 Banding 2:

The standard deviation of the radiometrically corrected values across any 100
contiguous pixels column averages of TIRS image data within a band shall be
less than 0.5% of the average radiance across the full FOV. Note: The average
radiance across the FOV is used here merely as a reference for deriving the
magnitude of the 0.5%. The mean in the standard deviation calculation is, by
definition, the mean of the 100 pixel columns and not the entire FOV mean. This
banding requirement is met when for all n:

\{T (L-I) /o9 <0.005T



Banding requirements

* Run banding metrics on MODIS-subtracted TIRS scene before and after correction
(need a uniform scene to calculate banding)

e Take with grain of salt:

o using MODIS to make a “uniform scene” (susceptible to the changing Earth
between Terra and Landsat 8)

o banding metric intended to be per-detector (all 1920 detectors) not MODIS-
resolution pixels

o No other way we can think of to calculate banding on-orbit

* Banding calculated on every scene profile from the previous slides. Will show a
few examples on the following slides



Path 013, Row 032 B10 (Earth Explorer - MODIS) B10 (Stray light corrected - MODIS)
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Path 010, Row 030
B10 (Earth Explorer - MODIS) B10 (Stray light corrected - MODIS)
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Path 115, Row 032

Korea, Profile 1
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Path 006, Row 070
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Path 172, Row 043 B10 (Earth Explorer - MODIS) B10 (Stray light corrected - MODIS)
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Path 172, Row 043 B10 (Earth Explorer - MODIS) B10 (Stray light corrected - MODIS)
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Path 198, Row 046
B10 (Earth Explorer - MODIS) B10 (Stray light corrected - MODIS)
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Current Status

* EROS has this algorithm implemented in off-line test system (Tim Beckmann & Co.)

Pepsi Challenge to the Science Team:

* Do you have a favorite scene you want corrected?

Aaron Gerace (gerace@cis.rit.edu)
Matt Montanaro (montanaro@cis.rit.edu)
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Split Window

l-¢ Ae 1 +T, l-¢ Ae T =T, ,
LST =b, + (b, +b, +b, —) L+ (b, +b, +b, —) L+b (T -T)" 1]
= 2z 2 / J
P & 2 E £ 2
CWV
bo b1 b2 b3 b4 bs bs b7 RMSE
(g/cm’)
[0.0, 2.5] —278009  1.01408  0.15833  —034991  4.04487 3.55414 —8.88394 009152 034K
[2.0,3.5] 11.00824 095995  0.17243  —028852  7.11492 0.42684 —6.62025  —0.06381 060K
[3.0, 4.5] 962610 096202 013834  0.17262  7.87883 517910 -13.26611 007603 0.71K [2]
[4.0,5.5] 0.61258 099124 010051  —0.09664  7.85758 6.86626  —15.00742 —0.01185 086K
[5.0. 6.3] —034808 098123  0.05599 —0.03518 11.96444 906710  —14.74085 —020471 093K
[70.0.63] 041165 1.00522 014543 027297 _4.06655 692512 —1827461 024468 087K |

* Used emissivity of water.
* Applied split window to Terra-MODIS, v5 TIRS, SLC TIRS.
* Assuming MODIS is truth, generated difference images.

Wan, Z.; New refinements and validation of the collection-6 MODIS land-surface
temperature/emissivity product. Remote Sens. Environ. 2014, 140, 36—45.

Du, C.; Ren, H.; Qin, Q.; Meng, J.; Zhao, S. A Practical Split-Window Algorithm for Estimating Land
Surface Temperature from Landsat 8 Data. Remote Sens. 2015, 7, 647-665.



Split Window

Difference [K] Difference [K]

Retrieved (MODIS T, +— TIRS current T, ;) Retrieved (MODIS T TIRS corrected T, ¢)

surf surf



RMSE summary (“absolute calibration”):

Radiance error [6]

In terms of Percent Radiance error with Terra/MODIS

Band 10 Band 11
10 - . 10 ; .
g L i g ...................................................................................... a
+
8 L i 8 ...................................................................................... i
7 7 !
=
6 L i E 6 .......................................................................................
@
5 A _ 8 5 IR A _
+ c +
A b J % . oo '|'+ ................................................... J
+
3 L + ........................... i g 3 ........... +.-I- ....................................................................... i
+
) R S, 1 S —— p———— z.;_ O m————— e ——————————— o0
+ +++ + + v e o, *s + + "'+ oﬁ
1 o LA + ........ T P ++ o+t b R * .'.'Tb.-l-..p .........
o o o o ++
0 5 1 D 15 20 25 30 35 0 5 10 1 5 20 25 30 35
Profile # Profile #

+ Current Product

0 Stray Light Corrected

NOTE: TIRS has a 2% absolute radiometric uncertainty requirement

for scene temperatures between 260 and 330 K and 4% otherwise
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Ballpark split window surface temperature error over water for each profile

* Use residual RMS errors for each scene profile to estimate split window error (i.e.-
add RMS error to both bands and determine error in surface temperature)

290 K surface, Mid-lat-Summer

current
corrected ||
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-




BACKUP



Ballpark worst case split window error

Worst Case Split Window Error {High in one band, Low in the other band)
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Becker & Li:

http://www.researchgate.net/publication/248976658 Becker F Li_Z. Towards_a_local_split_ window_metho
d_over_land_surfaces. International Journal_of Remote_Sensing



